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Multiple Wavelength Light Source 

FIELD 

[001] Embodiments of the invention relate to passive optical networks to 
passive optical networks using a multiple wavelength pulsed light source and a 
high-speed data modulator. 

BACKGROUND 

[002] In a typical wavelength division multiplexed passive optical network 
system, the system may require multiple optical transmitters to exist in the 
central office. For example, the system may have thirty two optical transmitters 
per passive optical network having thirty two subscribers. This results in a high 
cost, a large physical space occupied in the central office, and a high power 
consumption per optical passive optical network. Eliminating the multiple optical 
transmitters per passive optical network and replacing the multiple transmitters 
per optical network with a single high-speed modulator could improve the cost, 
size, and power consumption associated with the multiple optical transmitters. 
As discussed, typically, a dedicated wavelength or channel exists for each end 
user/subscriber in a passive optical network. This typically requires a dedicated 
optical transmitter and a dedicated optical receiver for each subscriber in the 
central office. The multiple optical transmitters in the central office may be 
replaced with a one or a few high-speed modulated wavelength light sources. 
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SUMMARY 

[003] Various methods and apparatuses are described for a multiple 
wavelength light source. The multiple wavelength light source may be located in 
a central office to supply a first broad band of wavelengths for a one or more 
passive optical networks. The multiple wavelength light source generates a 
series of four or more pulses of light in the first broad band of wavelengths. 
Each pulse of light in that series has a different center wavelength. The series of 
pulses of light in the first broad band of wavelengths may be repeated at a 
channel data rate of an optical receiver at a subscriber's location. 
[004] Other features and advantages of the present invention will be 
apparent from the accompanying drawings and from the detailed description that 
follows below. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[005] The present invention is illustrated by example and not limitation in the 
figures of the accompanying drawings, in which like references indicate similar 
elements, and in which: 

Figure 1 is a block diagram of an embodiment of a master multiple 
wavelength light source that supplies a broadband of wavelengths for one or 
more passive optical networks. 

Figure 2 is an embodiment of a block diagram of a first passive optical 
network containing a data modulator to data modulate the input multiple 
wavelength light signal from the master wavelength light source. 

Figure 3 is an embodiment of a signal diagram of light signal 
containing a first broad band of wavelength pulses offset in time and center 
wavelength from each other. 

Figure 4 is a block diagram of an embodiment of a master multiple 
wavelength light source. 

Figure 5 is a block diagram of another embodiment of a master 
multiple wavelength light source. 

Figure 6 is a block diagram of another embodiment of a master 
multiple wavelength light source. 

Figure 7 is a block diagram of another embodiment of a master 
multiple wavelength light source. 

Figure 8 is a block diagram of another embodiment of a master 
multiple wavelength light source. 
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DETAILED DESCRIPTION 

[006] In general, various methods and apparatuses are described for a 
master multiple wavelength light source. The master multiple wavelength light 
source may be located in a central office to supply a first broad band of 
wavelengths for a one or more passive optical networks. The multiple 
wavelength light source generates a series of four or more pulses of light in the 
first broad band of wavelengths. The first broad band of wavelengths may be 
wave division multiplexed and time division multiplexed to generate the series of 
pulses of light. Each pulse of light in that series has a different center 
wavelength. The series of pulses of light in the first broad band of wavelengths 
may be repeated at a channel data rate of an optical receiver at a subscriber's 
location. The series of pulses of light may be distributed to each passive optical 
network to be data encoded for users (i.e., subscribers) in that passive optical 
network. The polarization characteristics of the pulses of light in the first broad 
band of wavelengths may be controlled to data modulate the pulses of light 
independent of the light having any particular polarization characteristic. 
[007] Figure 1 illustrates a block diagram of an embodiment of a master 
multiple wavelength light source that supplies a broadband of wavelengths for 
one or more passive optical networks. The master wavelength light source 102 
may provide a broadband of wavelengths that are separated in wavelength and 
in time. For example, the master wavelength light source 102 may generate a 
series of four or more pulses of light. Each pulse of light in that series has a 
different center wavelength. Each pulse of light in that series is also offset from 
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a neighboring pulse of light by a fixed amount of time, such as an offset delay 
time between each pulse. For example, a first series of pulses of light 104 may 
contain thirty-two pulses of light 104, where each pulse of light is offset in center 
wavelength and time from another pulse of light. The first pulse of light 106 is 
offset in offset in center wavelength from the second pulse of light 108. The 
entire series of pulses of light 104 may be repeated in a next time slot such as a 
channel data rate of an optical receiver at a subscriber's location in a passive 
optical network. For example, the first series of thirty-two pulses of light 104 may 
cumulatively span the time period equal to the channel data rate of an optical 
receiver. A small time delay may occur before the series of pulses of light 
repeats. Next, the second series of thirty-two pulses of light 110 cumulatively 
spans the time period equal to the channel data rate of an optical receiver. 
[008] The master wavelength light source 102 may send the series of pulses 
of light to a first power splitter 112. The first power splitter 112 may distribute 
that optical bit stream, i.e., series of pulses of light 104, 1 10, to a number of 
amplifiers such as a first amplifier 114 through an nth amplifier 116. The series 
of pulses of light 104, 1 10 may be amplified by the amplifiers to make up for any 
losses or any power needed to transmit that series of pulses of light to a 
destination passive optical network. Each amplifier may send the series of 
pulses of light to another power splitter 1 18 to supply N number of passive 
optical networks 120, 122 with this series of pulses of light. 
[009] For example, the first amplifier 114 may send the series of pulses of 
light 104, 1 10 to a second power splitter 118. The second power splitter 118 
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may replicate the series of pulses of light and send that series of pulses of light 
to a multiple passive optical networks such as first passive optical network 120 
through an nth passive optical network 122. For example, the first power splitter 
112 may send this series of pulses of light to one hundred passive optical 
networks. The series of pulses of light may be data encoded within each passive 
optical network for users (i.e. subscribers) in that passive optical network. The 
single master wavelength light source 102 may therefore supply discrete 
wavelengths in an optical bit stream for a number of passive optical networks 
such as one hundred passive optical networks and for N number of subscribers 
within that passive optical network such as thirty-two. 

[0010] Thus, the single master wavelength light source 102 supplies this first 
broad band of wavelengths that contains a series of multiple wavelengths 104, 
where each wavelength has its own center wavelength and only one center 
wavelength is present in the light signal at any specific point in time. Each center 
wavelength is offset by a time delay such that the optical signal may appear to 
be a bit stream of optical pulses. The light signal containing the first broad band 
of wavelengths may be considered to be both time division multiplexed and wave 
division multiplexed. 

[001 1] The light signal containing the first broad band of wavelengths offset 
in time is distributed and supplied to the multiple passive optical network 
systems. Each passive optical network may have it's own high speed data 
modulator that can encode data and supply the, for example, thirty-two unique 
subscribers of that passive optical network with data. 
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[0012] A typical rack in a central office may contain 30 to 60 passive optical 
network systems. A single master wavelength light source 102 in that rack could 
supply a time division multiplexed and wave division multiplexed optical bit 
stream to each of these passive optical networks. Each of these passive optical 
networks supplying a number of subscribers equal to or less then the number of 
pulses in the first broad band of wavelengths. 

[0013] Figure 2 illustrates an embodiment of a block diagram of a first 
passive optical network containing a data modulator to data modulate the input 
multiple wavelength light signal from the master wavelength light source. The 
first passive optical network 220 may contain a data modulator 224, a circulator 
226, a broadband light source 228, a band-splitting filter 231 , a remote 
multiplexer/demultiplexer in a remote node 230, a plurality of optical transmitters 
and optical receivers 232, 234 at the subscribers locations, and a local 
demultiplexer 236 that connects to a multitude of optical detectors 238 in the 
central office. 

[0014] As discussed, the multiple wavelength light source 102 generates the 
optical bit stream 204 that contains a series of multiple wavelengths. The optical 
bit stream 204 is supplied to the data modulator 224 in each passive optical 
network. The data modulator 224 may encode data onto the optical bit stream 
204 and supply the data modulated bit stream to the circulator 226. The 
circulator 226 may distribute that data modulated bit stream to the band-splitting 
filter 230. The band-splitting filter 230 supplies the data modulated light signal 
over the passive optical network to a remote node. A multiplexer/demultiplexer 
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at the remote node 230 distributes the data modulated light signal to the optical 
receivers in that passive optical network. Each optical receiver in that passive 
optical network receives its own pulse of light that has been data modulated. For 
example, the first optical receiver 232 receives the first wavelength which has 
been data modulated with a logical 1 . The thirty second receiver 234 receives a 
pulse on the thirty- second wavelength that has also been data modulated with a 
logical 1 . The fourth optical receiver (not shown) does not receive a pulse, which 
indicates based on this timing that it is receiving a data bit of a logical zero at this 
time. 

[0015] The broadband light source 228 may supply a second broadband of 
wavelengths through the band splitting filter to the remote 
multiplexer/demultiplexer 232. The operating range of the second broad band of 
wavelengths, such as the C-band is different than the operating range the first 
broad band of wavelengths such as the L-band. The remote 
multiplexer/demultiplexer 232 supplies a separate spectral slice of the second 
broadband of wavelengths to the plurality of optical transmitters at the 
subscriber's locations. The optical transmitters wavelength lock the operating 
wavelength of that transmitter to the wavelength of the injected spectral slice 
from the remote multiplexer/demultiplexer 232. 

[0016] For example, the first optical transmitter 232 receives a first spectral 
slice of the second broad band of wavelengths being at a first center wavelength 
from the multiplexer/demultiplexer in the remote node 230. The first optical 
transmitter 232 at the subscriber location wavelength locks onto the center 
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wavelength of the injected spectral slice. The first optical transmitter 232 can 
communicate to the central office using that wavelength. The first optical 
transmitter 232 transmits information back to the central office within that small 
band of wavelengths having the center wavelength of the first spectral slice. The 
second optical transmitter (not shown) at the subscriber location receives a 
different spectral slice from the remote multiplexer/demultiplexer 232. The 
wavelength of the injected spectral slice into the second optical transmitter is 
different in the center wavelength of the first injected spectral slice. The second 
optical transmitter wavelength locks onto the center wavelength of the second 
injected spectral slice. The second optical transmitter at the subscribers location 
communicates back to the central office on that second injected spectral slice 
center wavelength. The optical transmitters may be for example, Fabry-Perot 
laser diodes biased to operate both above or below the laser threshold for that 
laser diode. 

[0017] The optical circulator 226 receives the data communications from the 
optical transmitters at the subscriber's location and routes those wavelengths to 
the local multiplexer/demultiplexer 236 in the central office. The local 
multiplexer/demultiplexer 236 routes the communication signal from each optical 
transmitter at the subscriber's locations to corresponding optical detectors 238 in 
the central office. 

[0018] For example, a communication signal at the wavelength of the 
injected spectral slice from the first optical transmitter 232 is routed by the local 
multiplexer/demultiplexer 236 to the first optical receiver 240. The operating 
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wavelength of the remote multiplexer/demultiplexer 230 may be matched to the 
central office multiplexer/demultiplexer 240 in a number of ways such as 
temperature matching the two multiplexer/demultiplexer devices. 
[0019] Thus, the optical circulator 226 may route the first broad band of 
wavelengths, such as the L-band, to the remote multiplexer/demultiplexer 232. 
The optical circulator 226 may route the communications signals from the 
subscribers' optical transmitters 232, 234 in the C-band back to the optical 
detectors 238 in the central office. 

[0020] Figure 3 illustrates an embodiment of a signal diagram of light signal 
containing a first broad band of wavelength pulses offset in time and center 
wavelength from each other. The light signal containing the series of pulses of 
light 304 may be generated at a channel data rate of an optical receiver at a 
subscriber's location. For example, a typical bit length 342 for a one hundred 
and twenty-five megabit per second channel data rate is approximately eight 
nanoseconds in duration. Thus, the time division multiplexed and wave division 
multiplexed optical bit stream 304 generated by the master wavelength light 
source may contain thirty-two individual pulses within that same eight 
nanosecond duration. Each wavelength pulse may occupy approximately a two 
hundred and fifty picosecond time frame within that light signal. For example, 
the first wavelength pulse 344 has an approximately a two hundred and fifty 
picosecond duration. 

[0021] At the end of the first series of pulses of light 304, a synchronization 
marker 346 may exist to allow the optical components, such as optical receivers, 
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data modulators, multiplexers, etc., to detect that the first series of pulses of light 
304 has ended and another series of pulses of light 310 is about to begin. The 
second series of pulses of light 310 is repeated at the channel data rate for an 
optical receiver at a subscriber's location. The synchronization marker 346 may 
be a sink gap, pulse height increase such as a pulse four times the height of a 
typical data modulated pulse, or some similar indicator. 
[0022] Each pulse, such as the first wavelength pulse 344, may have a 
wavelength centered at a specific wavelength, such as 1520.8 nanometers, 
within that light signal. 

[0023] In order to use the same or typical commercial optical receivers, the 
amplitude of the pulses of data going to each optical receiver may be increased 
in magnitude by a significant amount. For example, if the expected channel data 
rate signal is approximately eight nanoseconds in duration and now the remote 
multiplexer/demultiplexer only routes a pulse of two hundred and fifty 
picoseconds or 1/32 nd of the time data to the optical receiver, then the pulse 
height of that single pulse of data may be, for example, thirty-two times higher. 
Thus, the shorter pulse at a higher power allows the optical receiver to still detect 
and understand the information being communicated from the data modulator in 
the central office to that receiver even though the pulse duration of the data 
being sent to the optical receiver has been shortened. 

[0024] Referring to Figure 1 , the master multiple wavelength light source 102 
may contain a depolarization device and a sequence generator. The 
depolarization device causes each wavelength in the light signal to have multiple 
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polarization states. The data modulator for each passive optical network may 
then data modulate the light signal from the master wavelength light source 102 
independent of the light signal having any particular polarization characteristic. 
The sequence generator generates timing signals to be communicated to the 
master wavelength light source 102 and to each data modulator so that the 
individual wavelength pulses in the light signal can be properly synchronized with 
the data modulator attempting to modulate each channel/wavelength pulse within 
that light signal. 

[0025] The master multiple wavelength light source 102 may generate a 
modulated optical bit stream that is both wave division multiplexed and time 
division multiplexed. The modulated optical bit stream may be modulated at a 
time division multiplexing rate of at least three times a channel data rate of an 
optical receiver at a subscriber's location. The optical bit stream is modulated to 
form discrete wavelength durations such as pulses. A component such as an 
optical power splitter, may route the modulated optical bit stream to one or more 
passive optical networks. A device such as a depolarization device may control 
the polarization characteristics of the light in that modulated optical bit stream to 
data modulate the modulated optical bit stream independent of the light in that 
bit stream having any particular polarization characteristic. 
[0026] Figure 4 illustrates a block diagram of an embodiment of a master 
multiple wavelength light source. The master multiple wavelength light source 
402 may contain a sequence pulse generator 448, two or more distributed 
feedback lasers, such as a first pulsed distributed feedback laser 450 through an 



Application 



13 



Atty. Docket No. 5489P081 



nth pulsed distributed feedback laser 452, a first multiplexer 454. The first 
pulsed distributed feedback laser 454 has a center wavelength different than the 
center wavelength of the second pulsed distributed feedback laser 456. The two 
or more pulsed distributed feedback lasers coupled to the first multiplexer 454. 
The sequence pulse generator 448, such as a clock couples to all of the 
distributed feedback lasers 450, 452, 456. 

[0027] The sequence pulse generator 448 provides timing signals to those 
distributed feedback lasers to generate the series of pulses of light at an offset 
time such that the only one center of wavelength is present in the light signal at 
any given time. The sequence pulse generator 448 may also couple to the high 
speed data modulator 458. The high speed data modulator 458 may be a 
polarization independent modulator such that the polarization of the series of 
pulses of light in the light signal is not relevant. Therefore, the sequence pulse 
generator 448 may generate a signal both to the distributed feedback lasers 450, 
452, 456 and the high speed data modulator 458 to properly synchronize the 
timing of the generation of the pulses of light to be in sync with the high speed 
data modulator 458 encoding data onto those pulses. Alternatively, the high 
speed data modulator 458 may have a detector to recover the synchronization 
data for series of pulses to properly synchronize each wavelength in the light 
signal with the master wavelength light source. The sequence pulse generator 
448 may generate the synchronization marker and the data modulator 458 may 
contain software that is looking for the synchronization marker to know when to 
begin the timing sequence for the next series of pulses of light in that light signal. 
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The synchronization marker would indicate the end of a first series of pulses of 
light in the light signal and the start of a second series of pulses of light at the 
channel data rate. The high speed data modulator 458 may also analyze the 
incoming signal with another algorithm to determine the synchronization of the 
series of pulses. 

[0028] As discussed, the sequence pulse generator 448 staggers the 
generation of the different pulses of light having different center wavelengths in 
order to generate a series of pulses of light in a bit stream fashion. The light 
signal containing the multiple wavelengths in the series of pulses of light may be 
split by the optical power splitters, optionally amplified, and sent to each 
individual passive optical network where the time division and wave division 
multiplexed light signal is data modulated by a polarization independent 
modulator. Each one of the pulses of light in this series is capable of being data 
modulated by the high speed data modulator 458 independent of any other pulse 
in that series. Each passive optical network may have its own data modulator 
458. 

[0029] Figure 5 illustrates a block diagram of another embodiment of a 
master multiple wavelength light source. The multiple wavelength light source 
502 may contain a sequence pulse generator 548 for a multitude of distributed 
feedback lasers 550, 552, 556, where each distributed feedback laser has a 
different center wavelength, a first multiplexer 554, and a depolarization device 
560. The sequence pulse generator 548 may generate the series of pulses to 
offset the center wavelengths of each distributed feedback laser 550, 552, 556. 
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The first multiplexer 554 may combine the different pulses at different center 
wavelengths from the multitude of distributed feedback lasers 550, 552, 556 into 
a single light signal. Polarization preserving fiber 562 may couple the distributed 
feedback laser to the first multiplexer 554. This polarization preserving fiber 562 
may also couple the first multiplexer 554 to the depolarization device 560. The 
depolarization device 560 causes each pulsed wavelength in the light signal to 
have multiple polarization states. The depolarization device 560 may be a 
birefringent element, a polarization modulator, or similar device. 
[0030] The depolarization device 560 may be a birefringent element such as 
a birefringent optical fiber. For this case, the pulse width from each DFB laser 
should be roughly one half of the final desired output pulse width, for example 
approximately 125 picoseconds. The polarized pulse from each DFB laser can 
be coupled with approximately equal power on to the two birefringent axes of the 
birefringent element. The differential polarization time delay for the birefringent 
element should be approximately equal to the pulse width from the DFB laser. 
At the output of the birefringent element, the input pulse spits into two 
orthogonally polarized pulses. Each orthogonally polarized pulse being offset to 
one another by their pulse width. The duration of the output pulse width will be 
approximately twice the input pulse width with the first half of the pulse being 
orthogonally polarized to the last half of the pulse. After each pulse is 
depolarized the light signal may be split, amplified, and routed using standard 
optical fibers that do not preserve the polarization state of the light. Thus, each 
pulsed wavelength will have at least some portion of that pulse that has a 
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polarization that can be data modulated by a polarization dependent modulator, 
such as a standard Lithium Niobate modulator. 

[0031] The depolarization device 560 may also be a polarization modulator. 
The polarization modulator may change the polarization state of an input pulse 
as a function of time. For example, the first wavelength 564 may contain an X- 
polarization for the first 50% of that two hundred and fifty second pulse. The first 
wavelength may contain a Y-polarization for the second 50% of the two hundred 
and fifty second pulse duration. 

[0032] If a polarization modulator is the depolarization device 560, the 
polarization modulator may need a well defined polarization input state. The well 
defined polarization input state may be accomplished through the polarization 
preserving fiber 562. 

[0033] As discussed, the data modulator in each passive optical network may 
be either a polarization independent modulator or a polarization dependent 
modulator if the depolarization device 560 is part of the master wavelength light 
source 502. Either way, a data modulator in a passive optical network can data 
modulate the light signal independent of the light signal having any particular 
polarization characteristic because multiple polarization states exist in each 
wavelength pulse. 

[0034] A polarization modulator acting as the depolarization device 560 
operates at a very high modulation rate such as greater than three times, such 
as thirty-two times, the channel data rate for an optical receiver. For example, in 
this case, if the light signal containing the series of pulses of light repeats at a 
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channel data rate of one hundred and twenty-five mega bits per second then the 
modulation rate may be at four gigahertz. (32 individual pulses to be modulated 
at a 125 mega bits per second channel data rate equals approximately a 4 
gigahertz modulation rate.) 

[0035] Referring to figure 3, an example optical receiver operating at a one 
hundred and twenty-five mega bits per second channel data rate expects a bit 
length/duration of the optical pulse 342 to be, for example, eight nanoseconds in 
duration. However, the master wavelength light source generates multiple 
individual pulses, such as thirty-two, in small time intervals within that eight 
nanosecond duration. Each wavelength pulse goes to a corresponding 
subscriber and gets its own time slot within the time frame of that standard data 
bit duration. 

[0036] The high speed optical bit stream can be sent to the remote 
multiplexer/demultiplexer in each passive optical network. A high speed data 
modulator in each passive optical network may encode data onto each pulse. 
The remote multiplexer/demultiplexer can separate each data modulated 
wavelength pulse so that each user receives only one of the original thirty-two 
wavelength pulses. At the optical receiver of the user, the data received will be 
thirty-two times shorter than the typical bit length duration for that optical 
receiver. However, if the peak power of the pulse is thirty-two times larger, then 
the optical receiver detects approximately the same information carried by pulses 
of longer duration. 
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[0037] Figure 6 illustrates a block diagram of another embodiment of a 
master multiple wavelength light source. The master multiple wavelength light 
source 602 may contain pairs of distributed feedback lasers such as a first pair 
650, 656, optical beam combiners such as a first optical beam combiner 666, 
and a first multiplexer 654. The depolarization device 666 for each wavelength 
may be composed of the optical beam combiner 666 cooperating with two 
distributed feedback lasers 650, 656 set with similar wavelengths to combine 
those signals into a pulse with multiple polarization states. The first pulsed 
distributed feedback laser 650 is orthogonally polarized with respect to the 
second pulsed distributed feedback laser 656. The optical signals from the 
second pulsed distributed feedback laser 656 and the first pulsed distributed 
feedback laser 650 may each be about 125 picoseconds in duration and offset in 
time from each other by 125 picoseconds to provide a first wavelength pulse 644 
having a first center wavelength in the light signal. The light signals produced by 
the distributed feedback lasers when summed up together may total a two 
hundred and fifty picosecond pulse at a first center wavelength. 
[0038] The optical beam combiner 666 may be a polarization beam splitting 
prism. The optical combiner 666 may couple to the paired distributed feedback 
lasers 650, 656 and the first multiplexer 654. The first polarization beam splitting 
prism 666 supplies the first wavelength pulse 644 in the light signal to the first 
multiplexer 654. The first multiplexer 654 may then supply the two hundred and 
fifty picosecond wavelength pulses from all of the pair distributed feedback 
lasers to be split and amplified. Each two hundred and fifty picosecond 
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wavelength pulse has a different center wavelength. The optical power splitter 
(not shown) splits that light signal to a plurality of passive optical networks. Each 
pulse in that light signal has both an X-polarization state and a Y-polarization 
state within that single wavelength pulse. 

[0039] Figure 7 illustrates a block diagram of another embodiment of a 
master multiple wavelength light source. The master multiple wavelength light 
source 702 may contain a broadband light source 768, a modulator 770, a 
depolarization device 760, an amplifier 772, an optical coupler 774, a multiplexer 
776 with different lengths of fiber 778-782 attached to that multiplexer 776, and 
reflectors 784-788 attached to those different lengths of fiber 778-782. 
[0040] The broadband light source 768 supplies an optical signal containing 
a broadband of wavelengths, such as all thirty-two wavelengths, contained in that 
initial pulse of light. The broadband light source 768 may be an Erbium doped 
fiber amplifier, a semi-conductor optical amplifier, or a custom laser contains all 
the wavelengths needed to generate all of the wave division multiplexed 
channels. The broadband light source 768 may also be a mode locked laser that 
generates short pulses containing all of the wavelengths needed to generate all 
of the WDM channels for the awaiting passive optical network. 
[0041] The modulator 770 couples to that broadband light source 768 to 
modulate the light into discrete pulses. The modulator 770 may be a polarization 
independent modulator allowing multiple polarizations to exist in each pulse of 
light. Alternatively, the modulator 770 may be a regular polarization dependent 
modulator that is coupled to a depolarizer 760, such as a birefringent element. 
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The modulator 770 coupled to the birefringent element 760 renders multiple 
polarization states in each pulse of light. 

[0042] The modulator 770 modulates to create an optical bit stream that is at 
the same repetition rate as the channel data rate of an optical receiver at a 
subscriber's location. For example, the modulator 770 may generate an optical 
pulse width with duration of about 250 picoseconds once every 8 nanoseconds. 
For this example, the pulsed duty cycle is equal to 32, which is the number of 
individual wavelength channels to be used in the passive optical network. The 
modulator 770 may be LiNb0 3 modulator, an electric optic modulator (EOM), or a 
semiconductor optical amplifier. The modulator 770 generates a series of short 
pulses, repeated at approximately the final channel data rate. The modulator 
770 couples to the amplifier. The amplifier 772 amplifies each wavelength in the 
light signal to make up for the shortened pulse duration of each wavelength. The 
amplifier 772 couples to an optical circulator 774. 

[0043] The optical circulator 774 routes each pulse containing the thirty-two 
wavelengths into a multiplexer/demultiplexer 776. The multiplexer/demultiplexer 
776 spectrally slices each wavelength on to a different output. For example, the 
first output has a first optical length of fiber 778 and a first reflector 784. The 
length of the optical fibers and thus the optical paths connected to the 
multiplexer/demultiplexer 776 provide time delays between each one of the 
wavelengths in the light signal. The time delays offset each pulse having it's own 
center wavelength in the light signal. With each pulse having a different center 
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wavelength and offset in time, allowing each pulse to be independently data 
modulated later in a passive optical network. 

[0044] Thus, the optical path as connected to the multiplexer/demultiplexer 
776 establishes a time delay between each optical pulse in the series. For 
example, a first reflector 784 and a first length of optical fiber 778 may connect to 
a first output of the first multiplexer/demultiplexer 776. The first wavelength 
pulse travels down the length of optical fiber 778 and reflects off of the first 
reflector 784. The light pulse for the first wavelength then travels down the 
length of the optical fiber 778 and couples back into an input of the 
multiplexer/demultiplexer 776. The second pulse containing the second center 
wavelength travels down the second optical fiber 780 and travels a distance such 
that it has a time delay offset between itself and the first wavelength pulse. 
[0045] Note, rather than having reflectors at the output of the first 
multiplexer/demultiplexer, the multiple differential optical delays of the first 
multiplexer/demultiplexer can be connected to a second 
multiplexer/demultiplexer which can combine the time offset pulses into a single 
optical output. Either way, the first multiplexer/demultiplexer 776 establishes an 
optical path to create an offset between each pulse in time for each wavelength. 
The first multiplexer/demultiplexer 776 routes the time domain multiplexed and 
wave domain multiplexed bit stream back to the optical coupler 774. The optical 
coupler 774 routes the time domain and wave domain optical bit stream to a 
power splitter and amplifier. The power splitter and amplifier route the series of 
pulses of light to the plurality of passive optical networks. In each passive optical 
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network, each of the thirty-two different wavelengths may be data modulated and 
routed to the optical receivers at the thirty-two different subscriber locations. 
[0046] A sequence pulse generator may connects to the modulator 770 to 
properly synchronize each wavelength in the series of pulses in the light signal 
with a data modulator in a passive optical network. 
[0047] Figure 8 illustrates a block diagram of another embodiment of a 
master multiple wavelength light source. The multiple wavelength light source 
802 may operate similarly to the other embodiments of the multiple wavelength 
light source. The light generating source may be a wavelength swept laser 888 
that connects to a birefringent element 860 and a repetition rate reference 890. 
The wavelength swept laser 888 generates a continuously tuned or chirped 
wavelength whose repetition rate is equal to the channel data rate for an optical 
receiver. The repetition rate reference 890, such as a clock, may be connected 
to the wavelength swept laser 888 to ensure the repetition rate of the laser 
sweep matches the channel data rate. The wavelength swept laser 888 may 
connect to a birefringent element 860 to create multiple polarization states in 
each one of the channel wavelengths generated by the wavelength swept laser 
888. The wavelength swept laser 888 may then connect to the optical coupler 
874, which connects to the multiplexer 876. The optical delay paths 878, 880, 
882 establish the time delays in the series of pulses in the light signal. The 
optical coupler 874 may then send that time domain multiplex and wave domain 
multiplex light signal to a power splitter and onto a plurality of passive optical 
networks. 
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[0048] In the forgoing specification, the invention has been described with 
reference to specific exemplary embodiments thereof. A simple specific 
example is that there may be a different number of subscribers than thirty two 
per passive optical network. It will, however, be evident that various 
modifications and changes may be made thereto without departing from the 
broader spirit and scope of the invention as set fourth in the appended claims. 
The specification and drawings are, accordingly, to be regarded in an illustration 
rather then a restrictive sense. 
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